Abstract Brugia malayi and Brugia pahangi microfilariae (mf) require a maturation period of at least 5 days in the mammalian host to successfully infect laboratory mosquitoes. This maturation process coincides with changes in the surface composition of mf that likely are associated with changes in gene expression. To test this hypothesis, we verified the differential infectivity of immature (≤3 day) and mature (>30 day) Brugia mf for black-eyed Liverpool strain of Aedes aegypti and then assessed transcriptome changes associated with microfilarial maturation by competitively hybridizing microfilarial cDNAs to the B. malayi oligonucleotide microarray. We identified transcripts differentially abundant in immature (94 in B. pahangi and 29 in B. malayi) and mature (64 in B. pahangi and 14 in B. malayi) mf. In each case, >40% of Brugia transcripts shared no similarity to known genes or were similar to genes with unknown function; the remaining transcripts were categorized by putative function based on sequence similarity to known genes/proteins. Microfilarial maturation was not associated with demonstrable changes in the abundance of transmembrane or secreted proteins; however, immature mf expressed more transcripts associated with immune modulation, neurotransmission, transcription, and cellular cytoskeleton elements, while mature mf displayed increased transcripts potentially encoding hypodermal/muscle and surface molecules, e.g., cuticular collagens and sheath components. The results of the homologous B. malayi microarray hybridization were validated by quantitative reverse transcriptase polymerase chain reaction. These findings preliminarily lend support to the underlying hypothesis that changes in microfilarial gene expression drive maturationassociated changes that influence the parasite to develop in compatible vectors.
Introduction
Arthropod-borne filarial nematodes cause a variety of economically important tropical diseases such as onchocerciasis and lymphatic filariasis (LF). The most widespread filarial disease of humans is LF, which burdens approximately 119 million people in endemic areas (Michael et al. 1997) and is caused by worms in the genera Wuchereria and Brugia. In humans, the adult worms block lymphatic vessels, causing improper flow of lymph and local inflammation, leading to chronic morbidity and, in some cases, lymphadema and hydrocole. Brugia malayi, a human pathogen, and the closely related cat parasite Brugia pahangi are often used for experimental study of LF because unlike Wuchereria bancrofti, they can be maintained in laboratory animals. Both B. malayi and B. pahangi can be maintained in the dark-clawed Mongolian jird (Meriones unguiculatus). The mosquito most often used for laboratory maintenance of these parasites, the black-eyed Liverpool strain of Aedes aegypti, was genetically selected for susceptibility to filarial worms in the classic studies of Macdonald (Macdonald 1962; Macdonald and Ramachandran 1965) .
To date, most investigations of vector competence and mosquito immunity against filarial worms in this system have focused primarily on the mosquito responses to filarial infection, with the goal of identifying vector determinants that control infection outcome and the parasite molecules targeted by the mosquito immune system (Christensen et al. 2005; Beerntsen et al. 2000; Townson and Chaithong 1991) . Little attention has been paid to the parasite's role in this complex interaction, though it is apparently equally important in determining infection outcome. This was elegantly demonstrated by the repeated passage of Brugia patei in a partially permissive vector, Aedes togoi, that resulted in increased infectivity over generations (Laurence and Pester 1967) . These findings provide clear evidence that the complex interaction of Brugia with its vector is undoubtedly genetically mediated by both sides and provide a model for successful adaptation of filarial worms to new vector species. Our understanding of the nematode's contribution to the parasite-vector interaction is quite limited and leaves many questions unanswered regarding the physiological transition that mf undergo as they leave the mammalian host environment and enter that of the mosquito. This report represents our initial attempt to characterize the first step of this process, namely to describe gene expression patterns that correlate with the ability of Brugia microfilariae to penetrate the mosquito midgut.
Our approach is based on the intriguing observation that Brugia mf must be at least 5-7 days old to successfully infect Ae. aegypti (de Hollanda et al. 1982; Fuhrman et al. 1987) . Newborn mf that have not "matured" do not successfully penetrate the mosquito midgut and subsequently cannot enter the thoracic musculature to resume larval development. Biochemical and immunological experiments have shown that microfilarial maturation is accompanied by changes in the composition of the microfilarial surface (Furman and Ash 1983a, b) , and we hypothesize that surface changes are driven by changes in gene expression. Our hypothesis is based on the concept that gene expression changes can explain differential infectivity and is supported by evidence for transcriptional changes accompanying developmental transitions and growth (Brehm et al. 2003; Buckingham et al. 2003; Paba et al. 2004; Storey 2003; Yamazaki and Saito 2002) . In the present study, we used microarray analysis to establish that gene expression changes occur with maturation of mf in the mammalian host, preliminarily supporting our hypothesis.
Materials and methods

Generation and collection of Brugia mf
To collect mature mf, male M. unguiculatus with patent intraperitoneal infections of B. malayi or B. pahangi (for a minimum of 30 days) were killed, and adult worms and mf were removed by peritoneal flush with sterile, prewarmed RPMI-1640 media (Lonza, Walkersville, MD, USA). Flushes containing adults and mature mf were maintained in Petri dishes in RPMI at 37°C with 100 μg/mL penicillin and 100 μg/mL streptomycin (P/S; Cambrex, Rockland, ME USA). Adult worms were removed from the dishes and equivalent numbers randomly assigned for surgical transplantation into the peritoneal cavities of uninfected jirds (two for B. malayi and three for B. pahangi) to generate immature mf. To reduce damage due to excess handling, worms were not enumerated, but we estimated more than 50 adult females used for each biological replicate. Mature mf (>30 days) remaining in the peritoneal flushes were isolated by density gradient centrifugation (Histopaque 1083, Sigma Chemical Co., St. Louis, MO, USA; Chandrashekar et al. 1984) . Immature mf (≤3 days) were collected by peritoneal flushing from jirds containing transplanted adults at 3 days post-transplantation. Microfilariae pellets of both immature and mature worms were resuspended in 250 μL of sterile phosphate-buffered saline, flash-frozen, and stored at −80°C. B. pahangi transfers and harvests were performed in triplicate to generate three biological replicates for microarray hybridization, and B. malayi transfers and harvests were performed in duplicate. Microfilariae collected for mosquito infectivity assays were pelleted directly from peritoneal flushes and washed twice with P/S-free RPMI.
Mosquito infectivity assays
Black-eyed Liverpool strain of Ae. aegypti (LVP) was reared as previously described , and 3-to 4-day-old females were sucrose-starved overnight prior to blood feeding. Microfilariae were reconstituted in uninfected gerbil blood at a concentration range of 114-377 mf/20 µL blood and fed to mosquitoes using a water-jacketed glass membrane feeder (Rutledge et al. 1964 ) fitted with a paraffin membrane (Parafilm M, ThermoFisher Scientific, Wilmington, DE, USA). Fully engorged mosquitoes were separated from non-blood-fed mosquitoes in each mf treatment group and maintained as described . To record parasite development, cold anesthetized mosquitoes were dissected in Aedes saline (Hayes 1953) and larvae observed using phase-contrast optics (Olympus, BH-2, Center Valley, PA USA). At 5 h post-exposure (PE), the mosquito midgut was removed and dissected separately in order to assess the ability of mf to penetrate the midgut, and representative mosquito groups were dissected at 6 or 7 days and 12 days PE to count surviving L2 and L3 stages, respectively, and determine prevalence and mean intensities. Two biological replicates were performed for B. pahangi mosquito infectivity assays, and one biological replicate was performed for B. malayi.
RNA isolation and microarray hybridization
Total mf RNA (minimum 340,000 mf per replicate) was isolated by organic extraction with Trizol LS (Invitrogen, Carlsbad, CA, USA), followed by column purification using Ambion RNAqueous-Micro® kit (Applied Biosystems, Foster City, CA, USA). RNA integrity was confirmed visually by agarose gel electrophoresis (data not shown) and purity and concentration determined spectrophotometrically (NanoDrop ND-1000, ThermoFisher Scientific); samples were stored at −80°C. Total RNA was lyophilized under vacuum for transport to the Washington University Genome Sequencing Center where RNA quality was verified using an Agilent 2100 bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). First-strand cDNA was generated by oligo-dT primed reverse transcription (Superscript II; Invitrogen) using the 3DNA Array 900 kit (Genisphere, Hatfield, PA USA). Hybridization of mf cDNA to the B. malayi version 2 (V.2) array was performed as previously described by Li et al. (2005) . For each species, competitive hybridization between mature (collected >30 days post-emergence from the adult female) and immature (collected <3 days post-emergence) mf cDNA were completed so that each biological replicate was represented by two technical replicates by dye-swap method. The array is composed of 18,153 oligonucleotides as follows: 878 from W. bancrofti expressed sequence tags (ESTs); 1,016 from Onchocerca volvulus gene indices; 804 from the B. malayi Wolbachia complete genome; and the remaining 15,455 based on B. malayi ESTs which confirmed more than one third of the1977 B. malayi-specific hypothetical proteins and gene models from the draft genome assembly (Ghedin et al. 2007 ). The B. malayi microarray platform has been extensively validated by quantitative reverse transcriptase polymerase chain reaction and tissue localization by in situ hybridization of a panel of genderassociated transcripts (Jiang et al. 2008) .
Data collection and analysis
Slides were scanned on a Perkin Elmer ScanArray Express HT scanner to detect Cy3 and Cy5 fluorescence, and data were preprocessed as described by Li et al. (2005) . Data were analyzed with GeneSpring software (Agilent Technologies), and data obtained from the technical replicates by dye-swap method were averaged. Volcano plots were used to identify differentially abundant transcripts using a 95% confidence interval over twofold values (Bartholomay et al. 2007 ). To reduce false positives from only two biological replicates in the B. malayi study, results were filtered using Benjamini and Hochberg false discovery rate (Benjamini and Yekutieli 2001) .
Differentially expressed microfilarial transcripts were classified by Gene Ontology (Ashburner et al. 2000) based on sequence similarity to publicly available sequences. Basic local alignment search tool (BLAST) similarity analysis searches (Altschul et al. 1990 ) were performed using the National Center for Biotechnology Information (NCBI) non-redundant nucleotide database (http://blast. ncbi.nlm.nih.gov/Blast.cgi), WU-BLASTX against the Wormpep (Caenorhabditis elegans) database (http://www. sanger.ac.uk/Projects/C_elegans/WORMBASE/current/ wormpep.shtml), and NemaBLASTN (http://www.nematode. net/BLAST/) against all available nematode libraries excluding B. malayi using a p value or E value of (<0.10) as the cutoff. Putative function and biochemical associations were determined using the KEGG Orthology-Based Annotation System analysis at default settings (http://kobas. cbi.pku.edu.cn:8080/). Potentially stage-specific transcripts were identified by comparison to mf stage-specific excretory/ secretory products (Bennuru et al. 2009; Moreno and Geary 2008) and microfilarial ESTs at NemBase (http:// www.nematodes.org/nematodeESTs/nembase.html). Putative secreted or transmembrane proteins were identified by sequence analysis using Signal P v3.0 (Bendtsen et al. 2004) , Phobius (Käll et al. 2004) , and TopPred-2 (Claros and von Heijne 1994).
Validation of differential transcript abundance
A portion of each RNA preparation (2 µg each) used for microarray hybridization was retained for quantitative reverse transcriptase polymerase chain reaction (qPCR) analysis prior to microarray hybridization. Samples were treated with DNase I (Ambion, Austin, TX, USA) according to the manufacturer's instructions. Complimentary DNA synthesis was carried out with 200 µM oligo (dT) primer and incubating at 85°C for 3 min in the presence of 20 U RNase inhibitor (RNasin, Ambion), followed by incubation at 42°C for 60 min then 92°C for 10 min with 80 mM dNTPs (New England Biolabs, Ipswich, MA USA), reverse transcriptase buffer (1× final concentration), 20 U RNasin (Ambion), and 200U M-MLV reverse transcriptase (Ambion) then stored at −20°C. Oligonucleotide primers and FAM reporter dye-labeled minor groove binding probes were designed using Primer Express software (version 3.0, Applied Biosystems) and are available along with microarray hybridization data on Gene Expression Omnibus (http://www. ncbi.nlm.nih.gov/geo/; Edgar et al. 2002 ; accession number GSE15017). Polymerase chain reactions were carried out in 48-well microtiter plates in 20-µl reactions with a final concentration of 1× TaqMan Master Mix, 250 nM probe, and 900 nM of both forward and reverse primers (Applied Biosystems). Cycling conditions were 50°C for 2 min, 95°C for 10 min, and then 95°C for 15 s and 60°C for 1 min for 40 cycles-each followed by capture of the fluorescence. Primer/probe sets were validated so that efficiencies of target and reference were approximately equal (93.0-101.7%). Relative transcript abundance was calculated by comparative C t method (Heid et al. 1996) using B. malayi ribosomal subunit S40 (BMC00146, GenBank: XM001902078), a transcript found to be equally abundant in mature and immature mf in both the B. malayi and B. pahangi microarray experiments, as an endogenous control. This transcript was verified as equally abundant in mature and immature mf of both Brugia species by displaying mature/immature fluorescence ratio of ∼1, indicating that the transcript was equally abundant in both age groups of mf.
Results
Mosquito infectivity assays
At days 1, 7, and 12 PE, mature B. pahangi mf infected >90% of blood-fed LVP, and immature B. pahangi mf infected ≤10% of blood-fed mosquitoes at the same time points (Table 1) . Similar results were noted for B. malayi (Table 1) , confirming earlier observations (de Hollanda et al. 1982; Fuhrman et al. 1987) b On day 1, calculated by mf able to penetrate the midgut. Calculated with viable L2 and L3 parasites on days 6 or 7, and 12, respectively contains 14,856 oligonucleotides that were designed for predicted and known B. malayi genes/ESTs, and of them, 1,415 (9.52%) were expressed at detectable levels (≥100 average signal in either channel at a 95% confidence interval) in B. malayi microfilariae (mature and immature data combined) and 250 (1.68%) were detected in B. pahangi microfilariae. Microarray data were posted at the NCBI GEO database (Edgar et al. 2002) , accession number GSE15017 (http://www.ncbi.nlm.nih.gov/geo/query/ acc.cgi?acc=GSE15017). The consensus sequences to which the array oligonucleotides were designed were analyzed for functional clues by sequence similarity, and approximately half were classified as unknown or conserved unknown because they had no similarity to known genes (unknown) or had sequence similarity to genes of unknown function (conserved unknown; Electronic supplementary material, Tables 1 and 2 ). Transcripts identified as uniquely abundant in immature mf were in the functional categories, heat shock protein, immune modulation, membrane transport, protease inhibitor, and protein sorting, while those unique to mature mf were hypodermal/muscle, RNA binding, and retrotransposon. Transcripts assigned to the categories of collagen/ sheath/surface and metabolic were more abundant in mature mf, while those of cytoskeleton and neurotransmission were more abundant in immature mf. Remaining transcripts identified as differentially abundant in B. malayi mature mf were similar to C. elegans genes/proteins (ten), W. bancrofti (three), O. volvulus (three), and to other nematodes (four), and transcripts from the immature mf were similar to C. elegans (ten), W. bancrofti (16), and other nematodes (three). From the B. pahangi experiment, transcripts were highly similar to C. elegans (37), W. bancrofti (three), O. volvulus (ten), and other nematodes (16) and immature transcripts to C. elegans (48), W. bancrofti (nine), O. volvulus (12), and other nematodes (31). Two transcripts potentially encoding proteins previously identified as mf-specific excretory/secretory products (Bennuru et al. 2009 , namely 14707.m00128 (a bromodomain containing protein) and 13472.m00068 (tubulin-tyrosine ligase activity), were found in immature and mature mf, respectively. Eukaryotic signal sequences were present in 21% and 34% of immature transcripts B. pahangi and B. malayi, respectively, and in 26% and 29% of mature transcripts B. pahangi and B. malayi, respectively. Putative transmembrane regions were detected in 67% of B. pahangi and 62% of B. malayi immature mf transcripts and 67% of B. pahangi and 57% of B. malayi mature mf transcripts. Six transcripts were identified as differentially abundant by both microarray experiments, namely a putative cytoskeleton-associated protein with a CAP-Gly domain (consensus sequence BMC11473), large ribosomal subunit (BMC04649), and an unknown (BMC00072) in immature mf and a putative sodium: hydrogen antiporter (14965. m00428), sorbitol dehydrogenase (WB-contig_242), and an unknown transcript (14961.m05058) in mature mf. Of these six transcripts, all but BMC00072 showed sequence similarity to C. elegans genes with RNAi phenotypes; however, the RNAi data provided no definitive functional clues (Electronic supplementary material, Tables 5, 6 , 7, and 8).
Quantitative RT-PCR A putative voltage-gated calcium channel gene, 13156. m00099, which was identified as differentially abundant in immature B. malayi mf by microarray hybridization, was found to be 2.1-fold more abundant in immature mf than mature by qPCR; similarly, BMC01609, a putative histone H3, in mature B. malayi mf was verified by qPCR to be 3.3-fold more abundant in mature mf than immature (data not shown).
Discussion
Our findings demonstrate that there are detectable transcriptomic differences between mature (infective) and immature (uninfective) Brugia mf. We have generated gene expression profiles for infective and uninfective Brugia mf and examined them for evidence of a dominant physiologic process driving maturation. Despite the high proportion of seemingly filarial worm-restricted or uninformative genes that lack functional sequence-based clues, we observed differences in transcript abundance for certain predicted functional categories, most notably those in mature mf potentially involved with the microfilarial cuticle and sheath, thus providing support for the hypothesis that surface changes during maturation of mf determine infectivity for the mosquito vector (Fuhrman et al. 1987) .
The sheath and underlying cuticle that make up the microfilarial surface are critically important structures that mediate the interaction of the worm with both hosts. In the mammalian host, developmentally arrested Brugia mf circulate in the peripheral blood until they are taken up by a mosquito in a blood meal. When ingested by the mosquito, infective mf quickly penetrate the midgut and resume development in the hemocoel. The sheath, a remnant of the eggshell membrane, is cast from the worm during or after midgut penetration in a successful infection (Fuhrman et al. 1987; Sutherland et al. 1984; Yamamoto et al. 1983 ). The sheath is acellular and insoluble and is composed of chitin Simpson and Laurence 1974; Paulson et al. 1988; Fuhrman and Piessens 1985) , matrix proteins (elastin, fibronectin, collagen type IV, laminin), and shp2, an insoluble and cross-linking protein (Hirzmann et al. 2002) , as well as sulfur-containing proteins, proteoglycans, phospholipids, and acidic mucopolysaccharides Simpson and Laurence 1974; Araujo et al. 1993 Araujo et al. , 1994 . Enzymatic activities associated with the sheath include acid phosphatase and 5′ nucleotidase (Sayers et al. 1984) . There is evidence that the microfilarial sheath is modified during maturation in that immature and mature mf differ in their ability to be chemically exsheathed with calcium to bind lectins (Furman and Ash 1983a, b; Paulson et al. 1988; Fuhrman and Piessens 1989 ) and a sheathdirected monoclonal antibody (Fuhrman et al. 1987; Canlas et al. 1984) and to bind complement factors that promote granulocyte adherence in vitro (Johnson et al. 1981) . We have identified transcripts encoding two known filarial sheath proteins, SXP-1 [GenBank:XM_001900001] (BMC06144) and major microfilarial sheath protein SHP-1 [GenBank: XM_001895241] (BMC11831), which were differentially abundant in mature mf. The antigen designated SXP-1 is diagnostic for human infection for several filarial species and is localized to the hypodermis where it is possibly secreted to the sheath (Dissanayake et al. 1992; Sasisekhar et al. 2005) . Major microfilarial sheath protein SHP-1 was previously identified as one of six major polypeptide constituents of the sheath (Hirzmann et al. 2002) , and RNAi phenotypes for SHP-1 in B. malayi consist of reduced mf release by adult females and failure of mf to elongate as in normal development (Aboobaker and Blaxter 2003) . The infectivity phenotype of this mutant is unknown.
Chitinase activity in the sheath increases during maturation and coincides with mf infectivity for mosquitoes (Fuhrman et al. 1987 (Fuhrman et al. , 1992 ; however, our microarray hybridizations did not detect increased chitinase transcripts in mature Brugia mf. This is not surprising in the case of the heterologous hybridization with B. pahangi cDNA because the oligonucleotides representing B. malayi chitinases (14274.m00229 and 14932.m00514) have low sequence similarity to B. pahangi chitinase (GenBank: U59690.1) and likely did not hybridize well. The B. pahangi data, generated using three biological replicates, were self-normalizing and enabled use of a simple volcano plot to quantify differentially expressed genes. Because the variances in the B. pahangi data were minute, use of a false discovery rate was discarded in lieu of capturing more downstream candidates for further analysis. The homologous B. malayi hybridization, however, was performed with two biological replicates because of limitations on biological material, so a Benjamini and Hochberg false discovery rate of 5% was applied; this stringent statistical manipulation caused many candidates (1,609) to drop out and explains why only six transcripts were shared between Brugia species.
The cuticle underlying the sheath is absorptive and composed mainly of disulfide-linked collagens and lipids (i.e., α-tocopherol) and is associated with alkaline phosphatase and calcium-activated ATPase activities (Araujo et al. 1993; Sayers et al. 1984; Smith et al. 1998) . Filarial developmental transitions induce changes in the protein, lipid, and carbohydrate composition of the cuticle (Hirzmann et al. 2002; Apfel et al. 1992; Ham et al. 1988; Lewis et al. 1999) , and our transcriptome data indicate that mature mf differentially produce transcripts potentially involved in cuticular structure, including two putative cuticular collagens, one (TC2854) that is highly similar to C. elegans col-34 and the other an uncharacterized B. malayi gene (GenBank:XM_001894466.1; 14154. m00011) with a nematode cuticle collagen N-terminal domain. An ShK domain-containing transcript (AA635198) that is highly similar to the C. elegans predicted secreted surface ZK673.1 gene was identified in immature mf and may likely be associated with the cuticle.
The abundance of differentially expressed transcription factors identified in immature and mature mf suggests that gene expression actively occurs in mf despite developmental arrest. We observed other differences in predicted functional categories of transcripts in infective and uninfective mf. For example, immature mf displayed more transcripts potentially related to the cellular cytoskeleton, transcription, immune modulation, and neurotransmission, while mature mf expressed more transcripts related to hypodermis/muscle structure. Potential immune modulation factor transcripts identified in immature mf include that for Bm-SPN-2 (GenBank: AA991131), a serpin precursor with disputed inhibitory activity for human neutrophils (Zang et al. 1999; Stanley and Stein 2003) , and another (GenBank: XM_001895491; BMC00466) that potentially encodes a complement control protein with characteristic short complement-like repeats. It is also notable that immature mf displayed several transcripts from genes potentially involved in neurotransmission, namely several voltage-and ligand-gated ion channels (13156.m00099, 14972.m07453, 14974.m00802, and 14977.m04875 ) and a putative netrin receptor shown to be involved in axon migration in C. elegans development (14974.m00802); however, the only potential neurotransmission gene identified in mature mf was a neuronal intracellular sodium proton exchanger (14965. m00428). These data are provocative in that they raise the possibility that the microfilarial maturation process may in part involve a neurological transition that ultimately allows mf to respond to environmental cues in the mosquito midgut. This transition may also involve structural changes that allow a physical response, supported by the observation that mature mf express several transcripts with predicted functions in hypodermis and muscle, such as a putative orthologue of Caenorhabditis briggsae mup-4 that mediates junctional attachments of hypodermal epithelia with underlying muscle and overlying cuticular matrix (13207. m00046); C. elegans lev-11 that encodes tropomyosin (12695.m00041), an actin-binding contractile structural protein of body wall muscle; and C. elegans let-805 that encodes myotactin (14429.m00009), a novel singletransmembrane protein of the hypodermis that is essential for proper association between hypodermal fibrous organelles and the contractile apparatus of muscle cells.
qPCR is standardly used to validate microarray data by confirming the differential abundance of a subset of identified transcripts (Gaj et al. 2008) . Currently, microarray data are considered to be valid if the array and qPCR results agree on the direction, and not necessarily the quantity, of transcript abundance (Morey et al. 2006 ). The exact reason or reasons for quantitative variation between microarray and qPCR have yet to be identified, but may be related to spot fluorescence intensity, microarray t test, p value, and differences in priming methods for array and qPCR. Transcripts with low fold change levels (<1.4) tend to show lower correlation with qPCR quantitation than those with greater differences (Morey et al. 2006) . It is debatable which technique provides a more accurate account of gene abundance (Gaj et al. 2008) ; however, their tandem use provides a very powerful set of molecular techniques to determine relative transcript abundance between two different groups of organisms. We chose to validate transcripts identified by homologous B. malayi microarray hybridization because we had fewer biological replicates in that experiment than the heterologous B. pahangi hybridization, which made it necessary to employ additional statistical manipulations of the data. The direction of change in transcript abundance, but not the magnitude change, was validated by qPCR and largely confirms the findings of others that have validated the B. malayi array and arrays from unrelated species (Morey et al. 2006; Li et al. 2005) , thereby allowing us to confidently compile a list of transcripts that encode proteins potentially involved in microfilarial infectivity for the mosquito vector.
These experiments have successfully identified transcripts that are potentially critical for successful infection of vectors by Brugia mf and proved a starting point toward gaining a better understanding of the parasite side of the intricate parasite/mosquito relationship. Most interesting for our purposes are the transcripts putatively associated with surface modification, hypodermal/muscular structure, and neurotransmission. Those associated with the surface, sheath, and cuticle are important because these surfaces directly with the host and are likely essential for mediating host/parasite interactions. Potential hypodermal proteins are also of interest because of the role of the hypodermis in secretion of cuticular components and its junctional attachments to underlying longitudinal muscle that enable locomotion (and possibly midgut penetration). Changes in neurotransmissionassociated transcripts could reflect a neurological maturation event in circulating mf that allows them to receive stimuli from the mosquito midgut and initiate a behavioral response that promotes midgut penetration. This report serves as a basis for further study of the products of these genes with the aim of revealing the genetic basis of filarial worm compatibility for their vectors.
